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WO 01/3*20? rCTAGB01AM9M 
A flpngn. DtOO-DISTBHSIBO WITH NXMBBABB VOX COXTROLLIBO VXCDQM DOKX299 DI4PBBSXBB 

This Invention relates to aerosd (bug d bcen stng devices and. h particular, to 
Bxaa oer>to oi wtrfch ^iHiuiwr fr^Vrtfy ocflve Bqufcl b provided to a holding resgrvoo- 
5 bore which the dose b Chen dispensed as an oerasoi spray. 

Prior brown aerosol drug di sp en si ng davteos have used a number of dUTorent 
rrgsmlbr creating a rtegative pressure behhd >pe<faate u > ti i> Uai »^d Ll> acta ea part 
of a spray head. In order chat a dote of pt annaoo l ocfeai ly scflve ttpJd can be 
dispensed is 8 spray, the perforata meutiam must be actuated to cauao Oqutt (low 
10 though the perforate membrane. 

PwwkxaJy, tha perforata roecihtana hoa bean aetoatad by vibrating meant and 
the pressure » the oqtidricto el the pc^ 
punporanaxpanoTtxjy^rifx^ 
and the devices em dHUnft to ma n u f acture. 
15 (Xrearfxyp i tw i ia li or u Jpatert • 

apparatus having a peribrata nr g mbr an e through which droptets am dbpensadl "The 
peitorale tneuibrene is provfated wth a number of perfaraflons having a mwerco toper, 
iijjiw-Ij ■ LaijLi trm i nrnt m nl nrrn nt ttim fttrn nf Itn rrrmnrnim rrnnrr fmm ntrtrfi 
Bojrid d r uiaati e re a n je than at the oppo site toca of (ha reetnbrane, worn athich ^f ^ *B o 
20 face BqjuU ftoars ki use to replace that In the emerging d ro pl et spray. 

The present Invention aims to overcome Ote ibowo prototar& 

According to the present Inv ent ion, there bprtM da d an aeroaoldnjg dispensing 
device ta which a metered doaa of a phanaai c*xjkaJy acflaa Oosdd b provided to a 
i^cldng nsereefr whkh the dm 
25 nservotrhcijdaxiipctbp^ 

of flie perfcyats i u eu» U ai»e to cause Squid aow through the perforata umntaaja . the 
perforata retrtaareh3vt^ 

aedlor^ area si fful face erf [ho mernbrarw cway from wtocri figiib droptets emerge 
thaw at Ova opooate tace of Ova nvantoane. oha ra cte rhed h that 



30 t?1 hofcfhg rPTTPff» h> <<HpO^ >" » rhyrrhif hav#vj a tiUMiUm sutoca inOia 

tonpofaiestfa id^p h rao m w^achbabetdv^tDvarvthavctum 
the pressure k\ the chamber to provide a pressure differential across the resOent 
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• tn Oils way, the dUferentiai pressure can simpp/ and ecojratety be corttrousd such 
that the raauked pressure dBSeseiuJa] b eaafly mamtasied. 

Preferably. Ola laslDent cflapruagro b tormod from en eiastomeric rnstartei sixh 

5 Preferably. Ova chamber contains one or more vot/es for oontrodng the treat 

and/or outiet of fluids from Ova chamber. 

• The control device may be a radprocatlno pfcnvjor whtcfi b connec tB d to the 
res Pent diaphragm substantially at the centre. 

Preferably. Ova resOent diaphragm b damped by a spray head assembly 
10 substantially at Da outer edge, Seafog means such as an Qrfng may be provided to 
ensure no fluid flows pest Ova resfflert diaphragm. 

An embodiment of the present Invention w(9 now be described wtth reference to 
. the accompanying drawings, in wfdchc 
Fig, i showa a cnysa eacOonal 
15 Inventtorc 

Figs. 2 to 6 show successive stages during operation of Ova device of Rq. 1; 

F|g. 7 shows a trigger dnxdl tor cenbeflng Ova dispensing) of 0*s 
phanrrecotoglcaOy acOve Bojuldt-and 

Rgs. 6a end fib Bustrata, In secDOn, piefHii»J terms of the perforata membiune 
20 for Ova device of Fig. 1. 

As can be seen from Figs. 1 to 0, a dnjg dlsptjtstij deito25fonnsvjpartofa 
drug detvery system has • hoSow casing 1 to wtach a reservoir body 2 b sfldabfy 
mounted. A spray head a»m^Bsaerrs^ 

rnounuhg assembly 3 comprising spray head assembly 3a, cb ra ptoQ means 4, 
25 d aphrac^cfamp llaandseaiiy. Aow return spring 5b provided bebveen a recess.. 

29 h the caskig t and rhe nsservofr body 2 to sij^^ the reseivi* bc^ 2, biassed 

towards Bs tnpmost pnsfltog (as shown), within the casing 1. The reserves' body 2 b 

movable between a Ural and second pasaonwIOdn Ore casav^l. 

The reservoir body 2 has a reservae cavfh/flhwtdchaGqulddn^ 7bstored 
30 and wtdeb can be topped-up via a re-fa porta. A plunger B b provided v*3hh Ova* 

reservoir body 2 and extends out of Ore upper (as shown to Ova Ogues) end of Ova 

nsgvcfr body 2. Kuril Prat B e r i g^g e s wfih a cap 9 wfaoh covers Ovj tap of Ova device 

25. AfBluxv^n^umaprfng 10 b provided which exterrds from 

biases the cajnger 8 out of Ore rreservofr covtty 8. 
35 Amctr^cavCy 12 b provided st Owlc^er^ 

rnetertng csvfry 12 b h ftpid eornmunicallon. vb a one-way baO vatvo 13. wtffi a 

dbperrsfrvjccffTduaorbJbaiac^^ An 
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end b totted at Bs outer edge to toe caring 1 by dbujihregro clamp 11a and a seal It, 
wtich b an r>ring. to define, together wtto ova reserve* body 2 and the casing 1. a 

S The f^TTiy headrixxmtirgBSsernt^Sb pro^ 

• a membrane IB wroth, together with tha lower portion of toe reserve* body 2, the spray 
head atcurttofl assembly 3 and the rtasf nrncric diaphragm 1 5. defines a chamber V2. 
The roerebrane 18 b retatood by a aaal 17 and b provided wfih a perforata portton 27 
over which a hokftig reserve* 1 6 b prodded and wnkh can racers ^ddnjg 7 through 
10 tha dispensing condufi or tube 14 In use. The pertorats prxtkxi 27 of tha membrane 16 • - - 
has perforations SO (sae Rg> 6e and Bb) of e reverse tepra end trrbb described to 
greater cetaflwtlh reference to Rep 8a end 8b. 

The spray head rrxxjrrttog essembry 3 b provided vrtft a dampr^ Wei vaNe 19 
. fading Into tha chamber VI. a first one-way exhaust vn)« 20 the charnber VI and 
15 «iegcid one^ »d>awl!^2l^B»ctige^V2. 

Fta. 1 shows toe oevka 25 el rest to rriete^ . 
hto the hoWng reservoir 18, tomb stats, be* too main return spring 5 and trvarjturiger 
return spring 10 ere extended so thai the resent bc^ 2 and the ptto^ 8 have bear 
pushed futy upwards egatost physical stops (not shown). 
20 The etertcrneric d ia phragm 15 b stretched from nonralty to state er^ acte 

ss a fleadbie wai, separating the two chambers V1 end V2. These chambers ere MtiaQy 
etarnbien] pressure and the pamnficm 
are dry and open. 

The operation of the device shown In R^1wffln«ebedesalbede^n*reneo 
25 »RBS.2to6, ■ • 

To tnflbta operation of the dovtoe 25, the cap 9 b pressed downwards 9a (see 
Fta.2). The reservew body 2end the r^uisjy 

tf* «sn» rata, compressing toe main rotum cprirg 5 urci the toom* body 2 reaches 

physical stops 28. Altob stags the force exerted on the plunger return spring 10 bless 
30 than Its pretood. The lower end of the dbpsnstoo oonduit or tube 14 b new positioned 

dose to the toner surface of the membrane 16. 

Tta reserve* becry 2 fonro an eW^ Therefore, 

as the reservoir body 2 descends, air b(fispbc^(reHnO»chs5T^vl,irBTM^t^»lW 

oneway exhauslya^ 20 and trwelastornefc 
35 ' almost Bat state. At the same time, ebb dfeptaced from the chamber V2 Oeoughthe 

second one-way exhaust valve 21, through the damping vatve 19. and through the 

perforata portion 27 of the membrane 16. 

3 



As can be seen in Hg. 3. once the reservoir body 2 has reached tto physicel 
stops 26. further depression of the cap 9m is* rj &w tha ptunger return spring 10. Thb 
pushes 6a Die plunger 8 Into the metering cavity 12 (see Fig. 1). The plunger 6 b 
provUed with a prunger seal 24 which engages with (he side wa9 12a of the metering 

6 cevfiy 12 to forme saal therewith. Thb to^ametareddoeeof thebo^jlde^ 7hthe 
metortrG cavity 12. The Beefing pressure of the plunger seal 24 against the tide w a l 
1 2a of the metering cavity 12 b greater than too seafing pressure erf trwelasbanencbai 
verve 13 against the baa verve seat 13a. Therefore, as the plunger a b depressed 
further, (he trapped doss of &*dd drug 7 b dbptacod from the metering cavity 12 past 

10 13b the one-way ciaaiujwrfc befl verve 13, through On dhpenaing conduit or tube 14 
and trrtoOishokltog reservoir 18, The hdkfing reservoir 18 has a side-wafl 22 whteh b 
elthraccfltodwtthratormedafPTFE. to thb configurator afld the p a ^ In 
(he perforate portion 27 of um uixtm 16 ere now covered wfih 8quld drug 7a. 

Once the cap fl b released, as shown to Fta. 4. toe plunger return spring 10 

15 atartt to expand, r^rshing 8b the r 

e partial vacuum to tha metering cavfty 12. The etesbxnedc beJ verve 13 remains 
dosed. The plurvger return Grjrfrxj 10^ 
.- so os to pcs*i Rb the pJurvo- 8 <t*sn of the metartog. covtty 12 un5J tt reaches o ftryatai 
stop (not shown). TrsspertiaivarMxn pressure reduces as the plunger 8 b withdrawn 

20 8b from the metering covOy 12 untl the pressure drop across the plunger seal 24 
exceeds the seaCng pressure agatost me akle-wal 12a 0» metertrtj cavf^ A 
small ernourt of ft^ drug 7 can than fio^ 

cavtty12Bs0ieptorv^8bwBhttrawn6b. The tnainretomeprtngebeble to extend, 
pushing 2a the reservoir body 2 upwards as shown to Fig. 5. Thb then causes me 

29 chambers V1 arrf W to expend ervd tr« etastorr^ 

A* - cannot enter through too one-way verves 20. 21 or through toe perforsto 
portion 27 of merrtorana 18 es toe pertcfafions.50 are now covered by BguM drug 7a. 
The pertrjrellons 50 resbl eb to 

forrotog rnenbel across the perforations 50 to the perforata porfion 27 end therafonvss 

30 toa chancers V1arvJV7eapervX the pressure 

ernbtorrt pressure. The reserve* body 2 continues to move upwards 2a untfl the 
restoring tome of the main return spring 5 b staled by the opposing forces created, -to 
the meto, by the negaflve rjressures to the cfwrnbers V1 and V2 and by the tension to 
the ehstomenc dbphraprn 15. 
35 VVhen the dampen varve IB bfuBycto 

so the main return spring 5 wffl not extend far before B b stated by the negative 

. 
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pressures generated In the charnbere VI, V2 and by tension to the efastocnerto 
diaphragm 15. 

Hcrwever.iwienthedamptogvarro19bs 
and o on v er set y exhaust from, toe ch am ber VI at a rata determined by the restortog 
5 force of the main return spring 5. Therefore, as toe mato return spring 5 pushes toe 
reservoir body 2 upwards 2a, the volume of chamber V1 expands at s eontrcOod rats 
unffl tha reservoir body 2 reaches a predefined physical stop (not shown) (see Rg. 6). 

The main return spring 5 abo causes B^eeJastomerfcdbptBS^IStostaAchat 
a oonbeOed rate which, to turn, causes toe volume of toe chamber V2 to expend st a 
10 conbcBod rata. The pressure within toe chamber V2 behind the spray head assembly 
3a Otarefcre reduces at a controOad rata. 

.The pfriyskal stop (not shown) for tha upward movement of the reservoir body 
2 amfts the extension of the stretched etestomcric diaphragm 15 and defines the final 
vcejne change of the chamber V2 and thus the target Mc^lve pressure achiewxJ in V2. 
15 At thb stags, toe pressure to toe chamber VI b et antolent pressure. 

Therefore, the net resuB b tost toe target (opt rating) negative pressure, which 
b dose to the bubble rjoi^ pressure for the spray head assembly Sa (toe bubbb point 
pressure bctog the pressure dBferenttal et whkh-eb fw****? a iter toe chamber V2 
torough fhe pertorsflbns .50 In toe perforata portion 27, by overcoming the surface 
20 tension of toe menbd of lauto drugX can be reached at a ctrdreOad rate wttoout eb 
Deng pipe woo osougn me merranne io. 

0 the negsSve pressure to toe chamber V2 b generate d too quiddy. Le. by 
openhg the darnptog vetve 19 too far. toon the surface. tsrtstan of (he iojuld drug 
ccwartog toe perfonrflons h the perforate porfion 27 of the mcrnbrane IB wB be 
-25 overcome. Ab wD then be to g es t od repkfly through the per f o ra to portion 27, hence 
cu*r&^ toe negaSve (ranrc In too chambar V2. to fhe ehsence of a negaflve 
pressure, toe drug dispensing device 25 wel not generate a spray. 

fi shouM bo noted trial fte rate of ob ad 
vaove t9 b pxjch less toan toe rate of c &ws l kw through the first one way exhaust wafwe 
30 2a 

pjtds rjto^ca r flB i drcu ^ ' * 

drug torouoh the p erfo rato portion 27 of toe w e mbran e 18 by oontroetog ncntorene 
atfuating means (not thoto\)Djet> as c4eroetectricaPy acbVated vfasttog means. The 
corard system uses e sma* hcl wbe gaara aneter 3? to monttor ab Bow toto toe drug 
35 detvory system. The a n ai sauete r 39 senses when a patter*, b tohafing and trytog to 
trigger the spray head defvery. 
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Themaxbmrm spring bad of too fjkjnger return spring 10 preferabfy should not 
exceed 20N. Thb therefore rbrte the fm 

Tteptur«er return spring 10b prefa 
5 evjfuPyixuripre tta d toad to the mato return srjring 5. Thb ensures that the reservoir 
body 2 b W)y dewn eeabtst to pXiyslari stop 28 before the dooe b rnetenxJ r«o too 
hokflng reservob 18. If toe dose b metered from toe dbpenstog aperture 14 when the 
reseevc* body 2 b not fufly down, e^ 

1a The target negaflve pressure to the chamber Wwno^nrt be reattort 
10 r^ 9 breteasad because the perfrjr^ 
1 8 wffl remain dry end open. 

As fhe pbjnger 8 b wJtodrawn 8b from toe rose 

24, ThesprtngfrorarirjaoffterAair^ 
15 phrnge* Soutcf tooTeservoirca 
oaj ay teaeeleapr eaa uredgferepcee 

7 to reserrob cavfly 6 end toe etastomehc bel verve 13) which exceeds toe seaflng 

preeguro of the pkmBer seal 24 agntost toe ikte wsfl 12a of the leservclr cavQy 12 

UrpiM drug 7 b then above to ftowpe^ 
20 12 as the pfcjnger 8 b wttodrawn 8b. Thb has toe advantage of l ukwnhbsj foam 

goneration wfihto toe reserve* cavfty 12 espedaOy wfih Bquld dugs oorttoHng 

suitactants es pert of Bear formutatlnn. 

The spring tbrce range of the mato return spring 5 must bo sufBdent to Bt (he 

reservob body 2 egab^ b^ ner^^ 
25 toe ststchtog of fhe eUstanertc caaphragra 15 end toe friction of fhe sfldtog seal 

between toe reservob body 2 end the csstog 1. 

r^ reserve* body 2 b at rt^ 

r^essure wtlhto toe charrtow V2 w 
3D toat n e gjtJ v e pressure. Thb ternluE l force mus) net bo htafi enough ki prevent tho 

mato return spring 5 from Cfitog fhe reservob body 2 up agatosl fhe predeterretoed 

pfrysjeaf stop during toe ge ner at i on erf fhe negatwo pressures. 

to summary, toe extension force of toe plunger return spring f 0 b greater toan 

the efft rKinn iyf main rtiim cpring 3 arhkb b greater than toe torsional farce 
35 of toe etastcrneric OXu^taom IS. 

From F\g. 7. & can be seen that toe centre* cbcu& emptoys two operational 

STJrpfflen(op-emps) 31.32, which can supply wttpuveftorara over the f^ 
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r W Labot^lto•up^'^^>to^9»^ G|,0 • Op^ 31 b b> dosed 

bop conffcunflan wtto • Wheatstone bridge to naWafn » oon»trt fwblan» of tr» 

anemometer Qamenl 39. The drive voT^ 40 fw the WTiea^^ 

m» op-amp 32 which b ajnflgured as a vctage canparator. The comparator to a 

MfeHng device havtog a measurement hput and a reference input When the 

measummanl voltage 33 b higher than the Ottawa **ao* 

.ap-emp 32 swftcbes from GNO to Vet 

. ctrcu3» of thb type bio we3 taown h unemornctjy. However the drcuft of F^j. 

Implementation of a chad which can tfsoflratoato between hs> end 
tow mta of cbanoe of airflow. H» RC Ome oonstard used tor the refcrenoo voltage 
M b sal ao thai ft can respond, to a damped manner, to dowry varying condWons such 
as changes to embtant osnOSkm and to toe normal stow oreatomg of a pafienL 
Treretbre, the rdererce vcttago 34 to Imem^ to last rates ol char«a to air Oo* 



^32b«nettiauiatad«torrftoCTtheWh^ 

not hew a long ftno constant Ctta end so reeds dtoxfly. wKh the peflenrt tohateflorv 

. athepi^infcatoBteauffldertr/h^ 
vottage 33 wtl exceed the retorance vottefa^duotofhedffarencehth^ 
c( 5w reference and measurement vcdepex to order tor thb to happen, a carteto 
thnbhotdof rate of changeol afrttowmusl beesoaoded. When toe meaauiment 
votege 33 ejtcseds the retorance wBage hpidH there aO baa change to thavotage 
state el toe output 35, Stoce the c ompmato i drcu>doesrrtraa»arn;faedbeai.ttb 
cperaltoptoeHitogBtorwate^ TrwO 
b ^ i 1 *** to couple thb dicufl cflrecOy to TTLtogfc debtees. 

Two variable resbtors 38, 37 are provided vdlhto toe control ctmA 30. The 



to toa meesuiefflenl voTtoge 33. »vt*h 

ohangacdpadan^Wadatton. The eaoorrf vansbto'restatot 37. to toe Vltoeatstone 
brl^- b |»«vl«Jed to eet the tornparatum 

toctofheir**rarandatfchs^ Thua,these- 

e^atrneflta«nowahtoh<togiw 

cream ingger uwna*. 

A field effect transistor 38 b used to alter toe r e f wenco raOo of the Wheabtow 
bride* toua enablnp or dbabBng toe air ftb» serisor vb 'BWBUE'. to thb way. the 
po^consumpeonof theconM 
useful operating Dto when powered by batteries. 
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Figure 8a shows crosvsecttonaJ detafi of a tMexan^pertoratancrttorBne 16, 
which b oparabb to vfbrate substantially to the ejection of arrow 50 and which b 
ailaSle far ipo wfth the drup dbpenstog device 25 to produce fine aerosol tpnrya. to 
one erftoodtotere, the membrane tBcomprbasaclrou laj tay orcf oofymer which contain s 
e pajiatty of tapered caracal perforations SO. Each perforation SO has openings 53 to 
the front eodt face and openings 54 to the rear entry boa, which perforations are bid out 
tn a sqjlbtb u rto o a . Such perforations may be totroduced toto pdymer membranes by. 



10 2018, which Biembranabcperebtoto vibrato aubstentW^ 



by 

£^VecoofEerbeek.lheNethertands. tothttrosabTOndcnTOe^h tom^ wOh 
e ptoTeftty of pertoratbns shown at 2050 which, at front face 2051, ore of diameter 
shown at "a" of 120 microns and at test face 2052 are of dtameter shewn el V of 30 
micron*. The perfaraflpra ere tato out to en oquSateral tnangubrbtoce of pQch UQ^im; 
The pnsfle of psrfaraflons warbs sr^ 

through the membrane tol ckne aa wflh substorttafly Bat ton* regions (shewn at "O of 
amaDast dknenston 50/do to bud face 2031. 
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1. An aerosol drug dbpenstog device to wrtch a metered deaa of a 
phannacotogfcaly ec£x> iqukl fa provided to o hofc£ng rwervotr from wt** tr*5 doso b, 

S • (hen dbpensed as an aarosol spray, the hokftog reserve* toctorftog a perforata 
mertxarw from wNcfi the dose b dbpensed by actuation oS the perforata membrane 
to cause DojukJ Qow t hrou gh too perforata membrane, the perforata membrane havtog 
rjedbnritararanavj a reverse toper, 
toe mentorane a w ^t ro m w hich Icj^ 

10 membrane, characterised to that 

toe hotatoo laservofr b dbposed to a chamber havtog a rocwaf* surface tafhe 



15 



to, toe chamber to provide a 



the 



on 



aconPtodsdcob nmngnrl rn rnnTnrt fhn tTrrtTfrno nf Thr rrr^^ ww^iw^y^ 
end thuitha genemflonof the dHtarertflal pretnga ecrcathe perfarate membfane. 



20 2. An eerosal drug dbperatog device according to ctalm 1. whereto the 
d Haffiogro b fanned from an e iasto rneri c tiuleriaL 



An aerosol drug dbpenstog device acconSng to anyofetdmsltoXatoerotofho 



30 5. Spff f? ff^ ^^ H^p»w«irgdwa M e u^^ to4. whereto Oie 

conbri davtoe b e lactoiDca^ 
subsbr ebty at the i 



35 ratgrtd bp toe^bebmpedbya 
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7. An aerosol drug dbpenstog device according to any of ctototi 1 to 6. bctodtog 
i to ensure thai there b no fUd Qow past rMresflbrtfdbphragrn, 



o 



10 




Figure 1 

Figure 2 
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Figure 4 

Figure 3 
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